A wide range of chemical compositions are possible to design photopolymers. These materials are also appealing for diffractive and holographic applications due to their capability to modulate the refractive index and/or the thickness when illuminated. Some of the most interesting applications for photopolymers are the optical data storage, security systems, surface relief photo-embossing, diffractive and refractive optical elements, holographic elements, solar concentrators, optical detectors and hybrid optoelectronic 3-D circuitry. Looking for an optimized chemical composition for each application many different photopolymers compositions may be needed enabling a variety of materials properties: materials with low or high rates of monomer diffusion, low or high values of shrinkage, long or short length of polymer chains and low or high light absorption. In parallel many models are presented in order to predict the photopolymers recording and the post exposure evolution. In this work we use one of these experimentally checked models to study the influence of the material characteristics in the final diffractive optical element recorded in the material. We study the changes in the surface relief and in the refractive index in order to understand the importance of each material property in the final diffractive optical element recorded.
INTRODUCTION
Photopolymers are very interesting and useful materials for a wide range of applications [1] [2] [3] [4] [5] . One of these applications, the use as holographic recording media, is raising an important relevance due to such as good features of the photopolymers like the capacity of self-processing or the low price at which can be acquired among others [6] [7] [8] .
Many families of photopolymers has been proposed, liquid, solid, with nanoparticles or liquid crystals dissolved in its composition, with short or large polymer chains, with dyes that are not consumed or that can be eliminated with an UV cure, etc. For each specific application, an optimized chemical composition is needed to play with the large variety of possible properties like the rate of monomer diffusion, shrinkage, polymerization rate, the absorption of the material or the length of the polymer chain [9] [10] [11] .
The recording of very low spatial frequencies permits us the measuring of the effects of diffusion in real time but it allows us to explore the fabrication of diffractive optical elements, DOE, using these materials too [12] [13] [14] [15] [16] . The results obtained experimentally have been used to determine the parameters involved on the DOE phase image formation and to develop a model to predict the photopolymers recording and the evolution of these in the post exposure period [17] [18] [19] .
Always has been known the limitations of some photopolymers to store high spatial frequencies due to the finite size of the polymer chain that can reach values near to 1 µm. The first research team in modeling theoretically this fact was the directed by John T. Sheridan, introducing the non-local spatial behavior of these materials [20] and temporal behavior before [21] including a Gaussian material response, Chernov material response, and both the Chernov/Debye and Gaussian responses generalized to include a power-law response The non-locality of the process is controlled by the σ parameter, where √ is a measure of the average polymer chain length.
The photopolymer diffusion phenomena were firstly quantified by Zhao and Mouroulis [22] and subsequently new models that provided explicit equations were introduced. These models help in understanding the physic influence of each parameter in the final hologram formation [23, 17] . The diffusion value influences the second harmonics value in the sinusoidal diffraction gratings and in the decreasing of the diffraction efficiency for low spatial frequencies.
Regarding the influence of γ parameter, that shows the linearity of material response to the register intensity, it was introduced by Zhao and Moroulis in 1994 [24] .
One of the most important applications of the photopolymer are the holographic memories, for this application, film thicknesses greater than 500 µm [25] for these thicknesses, the light attenuation with the depth produces differences between the physic thickness and the optic thickness and, also, affects the minimum separation between two holograms in the angular peristrophic multiplexing process. The dye concentration determines the light absorption with the thickness. This exponential attenuation is given by the α parameter.
Focused on the main idea of analyze the different properties of the materials due to the different chemical compositions we use a diffusion model to study the influence of the material characteristics in the final DOE, simulating the changes in both the surface relief and refractive index to shell the contribution of each material property in the final DOE recorded.
In the experiments presented here we assume that the photopolymer is coverplated and index matched to avoid the influence of the thickness variation on the transmitted light.
THEORETICAL DIFFUSION MODEL
The three dimensional behaviors can be described by the following general equations taking into account the nonlocality of the process [28] :
where [M] is the volume fraction of the monomer, [P] is the polymer volume fraction, D 0 is the monomer diffusion coefficient, I is the recording intensity, I 0 its amplitude, K g the grating number, k R is the polymerization constant, γ indicates the relationship between intensity and polymerization rate (F R ), σ is the non-local coefficient, V is the fringe visibility of the fringes, V=1 in our case, and α is the coefficient of light attenuation. The initial value of α [α (t=0)=α 0 ] can be obtained if the transmittance and the physical thickness of the layer are known. In this work we use the finitedifference method (FDM) to solve a 2-dimensional problem using a rigorous method.
In order to guarantee the numerical stability of the equations, the increment in the time domain, Δt, must satisfy the stability criterion ( 4 ) In this paper, we choose Δt = 0.4 (Δx 2 /D m )
Once we obtain the monomer and polymer concentrations, we can use the refractive index values measured in previous studies [14] to obtain the refractive index distribution during the recording process. The refractive index distribution can be measured using Lorenz-Lorenz equation as follows:
where M 0 is the average initial value for the volume fraction of monomer, n p is the polymer refractive index, n m is the monomer refractive index, n b is the binder refractive index.
RESULTS
In this part of the work we present some of the results obtained with our model in order to analyze, as we have mentioned in the Introduction Section, the influence of each parameter in the final DOE. We present the influence of D 0 , α, γ and σ parameters on the refractive index distribution stored. In each sub-section we study the variation of one of these parameters and keep the rest constant. The main parameters used to represent the final DOE in the following cases are fixed, unless the cases where the influence of the parameter is being studied, k R =0.007 cm 2 /(s×mW), α=0.02µm 
Influence of Diffusion (D 0 )
To check the effects of different values of D 0 we have used a binary grating of 100 µm thick to verify how the changes in this parameter affects mainly on the boundary zones. We have chosen a binary intensity to visualize the most extreme case. [26, 27] , and representing the form of the average refractive index, n average , for each of these values . n average is the mean of the refractive index in depth. As we have commented in the introduction and in the model section the distribution of light projected on the material is exponentially attenuated in depth due to the dye absorption. To solve the diffusion model we divide the material in N sub-layers with thickness d Δ . Then n average is defined as follows:
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